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ABSTRACT 
In this paper we utilized a panel data set from 2004 to 2010 to identify and determine the 
demographic and economic drivers of food deserts in both urban and rural areas in Arkansas. 
We defined food deserts as areas where access to healthy foods such as fresh vegetables and 
fruits are limited. More specifically, separate distance measures from the census block centroid 
to the nearest supermarket or grocery store were used to determine if the area is an urban food 
desert (1 mile) or rural food desert (10 miles). These distance measures were then aggregated at 
the census block group level. Locations of supermarkets and big grocery stores that provide 
fresh produce were geocoded (latitude and longitude) accordingly. Socio-demographic and 
economic variables at the census block group level were then matched with the distance 
information. These variables were from Census 2000 Summary File 3. Finally, we employed 
multivariate regression approaches to model the relationship between socio-demographic and 
economic factors and the existence of urban and rural food deserts in Arkansas. We found that 
block groups with deprived situation, such as less per capita income, higher unemployment, and 
less educational attainment, will be more likely to be food deserts.
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INTRODUCTION 
The concept of a “food desert” was first used in Scotland in the early 1990s (Cummins and 
Macintyre 1999) but during that time there was no commonly accepted definition of the concept. 
Recently, food deserts have been defined as urban areas where people do not have access to an 
affordable and healthy diet (Cummins and Macintyre 2002). On the other hand, former UK 
Health Minister Tessa Jowell broadened the definition of food deserts as areas “where people 
do not have easy access to healthy, fresh foods, particularly if they are poor and have limited 
mobility” (Furey, Strugnell, and McIlveen 2001). Some of the initial studies focused on the 
food environment in the urban areas (Alwitt and Donley 1997; Zenk et al. 2005), but later on 
researchers observed that rural areas also contain food deserts (Blanbard and Lyson 2006; 
Hendrickson, Smith, and Eikenberry 2006; McEntee and Agyeman 2010).  
In this paper, both rural and urban areas in Arkansas were included in the analysis. The 
rural and urban blocks were defined according to the urban places found in the 2000 and 2010 
Census. The urban places are geographical units which are composed of blocks. If a block is 
located in urban places, then that block is defined as an urban block. A rural block is an area 
which does not belong to any urban places. This study identified both rural and urban food 
deserts in Arkansas. Several studies including McEntee and Agyeman (2010) investigated the 
whole state of Vermont using the same food desert identification criteria since they assumed 
Vermont is largely a rural state. Kaufman (1999) evaluated some rural counties in the Lower 
Mississippi Delta area while other researchers evaluated food deserts in a specific urban city 
setting (Apparicio, Cloutier, and Shearmur 2007; Wrigley 2002; Sparks, Bania, and Leete 2009). 
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Arkansas has not been studied before as a whole state, although the Lower Mississippi Delta 
area research included a few areas of Arkansas. 
In general, food deserts are areas where residents have limited access to healthy foods. 
Thus the definition of food deserts entails the elaboration of two concepts, namely the nature of 
limited access and sources of healthy food. Researchers have developed several methods in 
defining limited access. These methods can be summarized into two categories; First is the 
measurement of the density within a community (Clarke, Eyre, and Guy 2002; Block, Scribner, 
and Desalvo 2004; Blanchard and Lyson 2006; Berg and Murdoch 2008; Apparicio, Cloutier, 
and Shearmur 2007; Alwitt and Donley 1997) and second is the calculation of the distance to 
food stores (Algert, Agrawal, and Lewis 2006; Apparicio, Cloutier, and Shearmur 2007; 
Sharkey and Horel 2008; Morton and Blanchard 2007; Short, Guthman, and Raskin 2007; 
McEntee and Agyeman 2010). When using the density measure, researchers count the number 
of food stores within a specific radial distance. For example, Apparicio, Cloutier, and Shearmur 
(2007) measured the number of supermarkets within 1000 meters of a block centroid. Likewise, 
Berg and Murdoch (2007) counted the stores that are within a 1-mile radius at the census block 
group level whereas Alwitt and Donley (1997) examined the number of retail stores in zip 
codes. In the distance calculation method, the Geographic Information System (GIS) is used to 
measure the distance to the nearest food store. Studies using this approach have measured the 
distance from the residential units to the supermarkets and calculated the distance to the nearest 
food store from the population-weighted center of each Census Block Group (McEntee and 
Agyeman 2010; Sharkey and Horel 2008).  
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The identification of low access areas differs for both rural and urban areas. For the rural 
areas, in Morton and Blanchard’s (2007) study, they measured food access at county level in 
rural America. If 50 percent of the population in a county resides more than 10 miles from a 
large food store, then the county was identified as a low access area. If all residents in one 
county live more than 10 miles from a large food store, then that county was defined as a food 
desert. In Blanchard and Lyson’s (2006) study, they examined food deserts in nonmetropolitan 
South of U.S. Low access was defined for people to travel 10 miles to a supermarket. A county 
was classified as a food desert if half or more of the population has low access to supermarkets. 
McEntee and Agyeman (2010) identified rural food deserts at Census Tract level in the state of 
Vermont. They used 10 mile distance from residential units to food retailers to define food 
deserts directly without defining low access first. For the urban areas, the study by Algert, 
Agrawal, and Lewis (2006) measured access using distance from a store offering fresh produce 
in Los Angles. Those living outside of 0.8 km or about a 15 minute walk were highlighted as 
not having access to a variety of produce. In Apparicio, Cloutier, and Shearmur’s (2007) study, 
they set 1 kilometer to the nearest supermarket to be the criterion of defining low access. In the 
USDA/ERS 2009 Report, 1 mile was used to determine low access. If the distance to the 
nearest supermarket is less than 0.5 mile, high access was defined. Medium access was defined 
to be between 0.5 and 1 mile.  
In our research study, the 10 mile and 1 mile thresholds were used as the criteria for 
defining limited access in rural and urban areas respectively. The distance was calculated from 
the block centroid to the nearest food store. The block level was used because the block is the 
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smallest geographical unit in the census and it can better capture the community food store 
environment. Then low access was defined at the block group level, where the block group is 
comprised of several blocks. According to the USDA/ERS’ Food Desert Locator definition, if 
33% or more population in a Census Tract reside more than 1 mile from a supermarket or a 
large grocery store, then the Census Tract is defined as low access. For rural Census Tract, the 
distance is set to be more than 10 miles. We modified the Census Tract to Block Group, since 
our study was based on the block group level and those socio-demographic and economic 
factors were obtained from Block Group level.  
Several studies have selected supermarkets or big grocery stores as food sources where 
residents can purchase healthy foods (Sparks, Bania, and Leete 2009; McEntee and Agyeman 
2010; USDA Report 2009; Apparicio, Cloutier, and Shearmur 2007; Baker et al. 2006). For 
example, McEntee and Agyeman (2010) selected food retailers according to the North 
American Industry Classification System (NAICS) number. Stores larger than 2500 square feet 
were selected if the NAICS number is 44511, which indicates “Supermarket and other Grocery”. 
They utilized the food store size in order to filter out convenience stores and gas stations. Also, 
Sparks, Bania, and Leete (2009) used the NAICS to obtain food store data in their analysis. 
Other studies defined food stores as stores operating under the mainline chain grocery stores in 
their study area (Berg and Murdoch 2008). In this paper, the Standard Industry Code (SIC) was 
used to determine the food store categories that were relevant. The criterion used is whether the 
food store provides fresh produce. The food store location data were obtained from Dun and 
Bradstreet (D&B).  
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While several studies used distance in defining food deserts, others also considered factors 
related to social and economic issues. For example, Guy, Clarke, and Eyre (2004) measured the 
spatial distribution of food stores and considered areas with high deprivation as food deserts. 
The high deprivation measure/index was calculated using data pertaining to income, 
employment, and education. Apparicio, Cloutier, and Shearmur (2007) also included low 
income population and social deprivation index to examine the association with accessibility to 
supermarkets. The social deprivation index considered such factors as single-parent families, 
unemployment rate, and adults with low level of schooling. In Sparks, Bania, Leete’s (2009) 
study, they defined food deserts as high poverty areas (Census tract with poverty rates at 20 
percent or higher) that have low or very low access to supermarkets. In the identification of 
food deserts, this study followed the USDA/ERS definition mentioned earlier. Hence, besides 
the low access criteria, this research also considered income as a factor in identifying food 
deserts. Low income areas were identified at block group levels. These are all discussed in 
detail in the methodology section. From the past food deserts studies, some only examined the 
different methods to identify the food deserts in certain areas and did not relate the food deserts 
areas with the community socio-demographic and economic characteristics(Blanchard and 
Lyson 2006; Morton and Blanchard 2007; McEntee and Agyeman 2010; Sparks, Bania, and 
Leete 2009). Other studies examined the food access/environment in some communities and 
their association with neighborhood characteristics (Kaufman 1999; Algert, Agrawal, and Lewis 
2006; Morland and Filomena 2007; Berg and Murdoch 2008; Sharkey and Horel 2008). But 
these studies only measured the access and did not define food deserts. Thus, the objective of 
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this study is to identify the food deserts areas and determine the various community 
demographic and socioeconomic factors that are likely to be associated with food desert areas. 
Another contribution of this study is that it includes rural and urban areas for the whole state of 
Arkansas. In addition, this study aims to identify food deserts across 7 years from 2004 to 2010 
using a panel data structure which previous studies have not utilized.  
The next section discusses the data and methodology used in the identification of food 
deserts. This includes the rural and urban definition and the low access and low income block 
group identification. The paper then presents the results and discusses the conclusions.  
DATA 
Study Area 
The focus of this study is on Arkansas, a predominantly rural state with a population of 
2,915,918 and with a land area of approximately 33,287,812 acres. Farmland accounts for 41.7% 
of the state’s land, while rural population is almost 40 percent of the total population (USDA 
Economic Research Service, 2011). Food deserts are not only a problem for urban cities 
because in rural areas, residents sometimes need to drive longer distances to purchase healthy 
food. This study conducted analysis in both rural and urban areas in the state. Arkansas has a 
higher disadvantaged population, for example, people with bachelor degree or higher is only 
19.1 percent which is lower than the average 27.9 percent across the country. Per capita income 
of one year is $21,274 which is also lower than the national average of $27,334. Median 
household income is $39,267, and the national average is $51,914 which is much higher than 
the Arkansas. Percent of persons below poverty level is 18 which is higher than U.S. average of 
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13.8 (2010 Census). In terms of the obesity rates, Arkansas is among states with adult obesity 
rates over 30 percent, which is the highest category (Centers for Disease Control and 
Prevention 2010).  
Food Store Data 
This analysis used food stores that offer fresh fruits and vegetables. Consumption of fresh 
produce is an integral component of maintaining a healthy diet. The study assumed that food 
stores with a fresh produce department have the capacity to provide other types of food since 
food stores that have a produce department are typically large grocery stores like supermarkets. 
The 2004 to 2010 data on food store outlets were obtained from a business list developed by 
Dun and Bradstreet (D&B).The information contained in the dataset enabled the sorting of 
stores by multiple criteria such as the name, address, annual sales, and Standard Industry 
Classification (SIC) codes of business types.  
 The SIC codes were used to create the list of food stores in the analysis. Food store outlets 
are categorized based on the following types: (1) department stores-discount (SIC: 53119901), 
(2) warehouse club stores (SIC: 53999906), (3) supermarkets (SIC: 54110100), (4) chain 
supermarkets (SIC: 54110101), (5) independent supermarkets (SIC: 54110103), (6) grocery 
stores (SIC: 54110000), (7) chain grocery stores (SIC: 54119904), (8) independent grocery 
stores (SIC: 54119905), and (9) health foods store (SIC: 54990100 and 54990102).  
Previous studies classified grocery stores in different ways. For example, one study 
selected food retailers with the size of a food store equal to or greater than 2500 square feet 
(McEntee and Agyeman 2010) while Morton and Blanchard (2007) chose stores with 50 or 
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more employees. On the other hand, Kaufman (1999) used the criteria of $500,000 annual sales 
to filter out small grocery stores based on the sales criteria set by the Food and Nutrition 
Services, USDA. This study applied and modified Kaufman’s (1999) sales criterion where 
grocery stores with annual sales greater than $400,000 were selected. Our justification in the 
present study to include grocery stores with sales equal or greater than $400,000 is to avoid 
deleting stores that provide fresh produce even though the sales are less than $500,000. 
To further justify the $400,000 criteria, phone calls were made to individual stores which 
have annual sales in the range of $400,000 to $500,000.During the phone interview, the stores 
were asked if they consider themselves a full-service grocery store with a full produce 
section/department. A total of 14 stores in the database are within the $400,000 to $500,000 
sales range. Eleven out of these 14 stores were contacted and five of the 11 stores have fresh 
produce sections and two stores offer a small fruit and vegetable section. To further examine 
this issue for stores with less than $400,000, random selection was performed in some of these 
stores to make sure if they offer fresh produce. It was found that none of the stores with annual 
sales of less than $400,000 offer fruits and vegetables except a few chain grocery stores. We 
kept those chain grocery stores because they do provide fresh produce, although their annual 
sales are under $400,000. These chain grocery stores are just a few exceptions.  The sales 
criterion of $400,000 was still chosen for the analysis.  
 A shortcoming of using the sales information is that there are some stores with missing 
sales information. This was addressed by checking each company name to make sure if they are 
indeed a supermarket or a large grocery store. Since most of the stores with missing sales 
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information are chain supermarkets and chain grocery stores, the stores’ websites were 
examined to determine if the stores offer fresh produce. Thus, in validating the data set, every 
food store was checked in the list and those which are not supermarkets or grocery stores like 
gas stations, convenience stores and restaurants were deleted. With this process, a total of 564, 
577, 589, 566, 586, 486, and 496 food stores were identified each year from 2004 to 2010, 
respectively. 
Demographic and Socioeconomic Data    
There are past studies (Morland et al. 2002; Morland and Filomena 2007; Powell, Chaloupka, 
and Bao 2007) that utilized the Census data to capture community characteristics. In this study, 
the demographic and socioeconomic measures at the Block Group level were obtained from the 
2000 Census Summary File 3 (SF-3).The SF-3 contains the Census 2000’s social, economic and 
housing characteristics compiled from a population sample and housing units. The information 
on population includes total population, urban and rural data, households and families, 
occupation, income and others. On the other hand, the housing information included basic 
housing totals, urban and rural information, number of rooms, vehicles available, value of home, 
monthly rent and others. The information regarding the Census Block Group characteristics used 
in the analysis include urban blocks within a Block Group, population, race, age, length of 
journey to work (commuting time), types of transportation to work, employment status, 
educational attainment, and income and poverty rates. Table 1 shows the summary statistics for 
the census variables used in this study. All the units of variables were modified to meet the model 
analysis. Most of the variables were measured in proportion. Income and population variables 
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were measured at one thousand units. We can see that average proportion of people driving car to 
work is 0.93, which is very high. Average proportion of people with high school education or 
higher is 0.73, which is also not bad. But the per capita income is a little bit low, averaged 
around 16,000 USD. People below poverty, another economic index, averaged at 0.18, which is 
not low. The proportion of urban blocks within block groups is also very low, reaching an 
average of 0.21. 
 
 
Table 1. Descriptive Statistics for Census Variables  (N=2135)           
Variable Definition Unit Mean Std.Dev. Min Max 
age18_prp people less than or equal to 18 Proportion 0.266805 0.065687 0.000 0.570957 
age19to39_prp people with age between 19 and 39 Proportion 0.285273 0.091272 0.000 1 
age40to64_prp people with age between 40 and 64 Proportion 0.300314 0.071036 0.000 1 
age65gt_prp people equal to or greater than 65 Proportion 0.146671 0.077704 0.000 0.747253 
commute30_60min_prp people commute between 30 and 60 minutes Proportion 0.20285 0.132741 0.000 0.726655 
commute30min_prp people commute less than 30 minutes Proportion 0.71591 0.162018 0.000 1 
commutegt60min_prp people commute greater than 60 minutes Proportion 0.054265 0.04695 0.000 0.39934 
drivecartowork_prp people who drive car/truck/van to work Proportion 0.931732 0.071349 0.000 1 
othertowork_prp people who use other means to work Proportion 0.041369 0.054671 0.000 0.653061 
workathome_prp people working at home Proportion 0.025102 0.026296 0.000 0.2 
gthighschool_prp people receiving high school or higher  Proportion 0.730715 0.126185 0.000 1 
lthighschool_prp people not receiving high school Proportion 0.26788 0.12358 0.000 1 
inlabor_prp people in labor force Proportion 0.594887 0.107023 0.000 0.988877 
1
1
 
 
 
notinlabor_prp people not in labor force Proportion 0.404176 0.106184 0.000 1 
ltpov_prp people below poverty Proportion 0.175463 0.121232 0.000 1 
hispanic_prp Hispanic or Latino Proportion 0.029435 0.057571 0.000 0.566667 
nonhispanic_prp not Hispanic or Latino Proportion 0.969629 0.064773 0.000 1 
white_prp white Proportion 0.766215 0.276262 0.000 1 
nonwhite_prp non-white Proportion 0.233067 0.275393 0.000 1 
nopubasstinc_prp households w/o public assistance income Proportion 0.965384 0.060892 0.000 1 
pubasstinc_prp households w/ public assistance income Proportion 0.031806 0.032909 0.000 0.340206 
pcinc_scale Per capita income (1000 dollars) count 16.26335 6.22973 0.000 72.657 
poptotal_scale sum of population in all blocks (1000 people) count 1.252178 0.650636 0.000 6.558 
urbanblk_prp urban blocks Proportion 0.218786 0.40168 0.000 1 
 
 
1
2
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Regional Data 
In addition to the census variables, regional variables were also included in the analysis. 
We used the Arkansas Planning and Development Districts. The information was obtained from 
the official website of Arkansas state. In their classification, Arkansas is divided into eight 
planning and development districts. Each district covers six to twelve counties which tend to 
have common economic structures and opportunities. They are important in economic planning 
and development process at the local level. In addition to assessing the economic development 
for each area, the district also acts as intermediary whom counties interact with economic 
development offices of the state and federal governments. These districts have been the major 
channels for funds of development programs in Arkansas. The eights districts are Central 
Arkansas, East Arkansas, Northwest Arkansas, Southeast Arkansas, Southwest Arkansas, West 
central Arkansas, Western Arkansas and White River. These districts were coded as indicator 
variables at block group level. Since these districts are comprised of counties and counties are 
made up of block groups. The districts map is shown in Figure 1.  
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Figure 1. Arkansas Planning and Development District
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METHODOLOGY  
A number of past studies have used different measures in determining food access. In some 
cases, mail surveys were used to obtain information (Hendrickson, Smith, and Eikenberry 
2006). However in some studies (Morton and Filomena 2007; Sharkey and Horel 2008) food 
access measures were derived by calculating the distance from the centroid of an area (e.g. zip 
code, census tract, or block) to the nearest food store. Since distances in sparsely populated 
areas are often not directly comparable to distances in densely populated areas, many studies 
have separated the analysis of rural and urban food access (USDA report 2009).  
Definition of Urban and Rural Blocks 
In this study, the analysis was conducted at the census block group level. Since there are 
corresponding Census socio-demographic characteristics at the block group level, the study was 
able to analyze the association between food deserts and the community food environment 
factors. The distance was measured at block level and was aggregated to block group level 
using the population weighted method. The definition of urban and rural areas was based on the 
blocks, because urban and rural block groups are not defined according to the Census rural and 
urban definition. The urban and rural blocks were defined using the Census defined urban 
places. The census defined urban places are composed of blocks. From this information, the 
blocks which are in the urban defined places are considered urban while the blocks not in urban 
defined places are considered rural blocks.  
Definition of Urban and Rural Block Groups 
After the blocks were defined, we defined block groups using our own method, since we
16 
 
could not find an official definition of block groups. As mentioned earlier, block groups are 
made up of blocks, and we know the total number of blocks within a block group. The 
urban/rural blocks were also known, and then the percentage of urban or rural blocks can be 
calculated. We calculated the percentage of urban blocks within a block groups. We defined the 
block groups with 0 percentage of urban blocks as rural block groups and blocks groups with 
100 percentage of urban blocks as urban block groups. There are 2135 block groups in total. 
After the classification, 1991 block groups were with 0 or 100 percentage of urban blocks. 1601 
block groups were defined rural with 0 percentage of urban blocks, and 390 block groups were 
classified as urban with 100 percentage of urban blocks. The remaining 144 block groups were 
unclassified. The 144 block groups were excluded in the separate model analysis of urban and 
rural block groups. It is a small proportion to the whole block groups.  
Food Store Locations in Urban and Rural Block Groups 
Previous study about the food store location has been examined. In Morland et al. (2002), 
they evaluated the association of food store location with neighborhood characteristics. They 
found that more food stores are located in wealthier neighborhood and more supermarkets are 
in the white neighborhood. This paper aims at analyzing food deserts in urban and rural areas. 
Therefore, we plotted a map containing the food store in urban and rural block groups. The 
following Figure 2 and Figure 3 show this information.  
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Figure 2. Food Stores Locations within Arkansas 
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      Figure 3. Zoom in of Urban Block Group in Arkansas 
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We cannot see the black urban block groups in Figure 2, since the urban ones constitute a 
small percentage of the total block groups. Urban block group usually have smaller area 
compared to rural ones. Therefore, Figure 3 shows the zoom in picture of an urban area around 
Little Rock. We can see from figure that urban block groups have higher density of food stores.  
Measuring Food Access 
The methods that were developed in previous studies to measure food access vary 
considerably (Furey, Strugnell, and McIlveen 2001; Algert and Agrawal 2006; Alwitt and 
Donley 1997; Apparicio, Cloutier, and Shearmur 2007; Berg and Murdoch 2008; Clarke, Eyre, 
and Guy 2002). These methods include emailing out questionnaires and performing surveys in 
order to obtain information (Furey, Strugnel, and McIlveen 2001). More recently, however, 
researchers have been using the Geographic Information System (GIS) in compiling 
quantitative data in order to measure food access. The commonly used measures of accessibility 
found in the literature are the distance to the closest food store and the number of stores within 
a certain distance radius. The distance to the nearest food retailer can be measured from the 
centroid of a geographical area, such as block or block group. And it can be measured in a 
straight line or a road network distance. For the number of food retailers, researchers usually set 
a specific radius and count the food store number and some criteria are used to determine which 
number of food stores should be identified as low access. Previous food desert studies (Clark, 
Eyre, and Guy 2002; Smoyer-Tomic, Spence, and Amrhein 2006; Larsen and Gilliland 2008) 
used multiple measures to evaluate access. These include distance to the nearest supermarket, 
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the number of supermarkets within a walkable distance of less than a kilometer and the mean 
distance to three supermarkets (Apparicio, Cloutier, and Shearmur 2007). In this study, the 
distance from the block centroid to the nearest food store was used as a measure of food access. 
The reason for the usage of the block centroid is that the rural and urban areas are determined at 
the block level. Since the block level is the smallest unit in the census, it can better capture the 
food store environment within the communities. Using food store data from 2004 to 2010, food 
access measures were calculated for Arkansas. 
Other studies have also used different criteria in classifying low access in urban areas. For 
instance, Apparicio, Cloutier, and Shearmur (2007) used a kilometer as the distance threshold in 
classifying low access, while the USDA-ERS (2009) used the one mile cut-off. This study 
follows the USDA/ERS approach. For rural areas, the 10 mile cut-off was chosen as the 
threshold similar to the approach used by McEntee and Agyeman (2010) and Morton and Lyson 
(2007). Distances were measured from the block centroid to the nearest food store. Blocks 
whose distance from the nearest food store were greater than 1 mile and 10 miles are defined as 
“low access” in urban and rural areas, respectively. The low-access population was then 
summed from the block level to the block group level in order to obtain the percentage of 
population that is low food access. If at least one third of the population is classified as low 
access at the block group level, then the block group was classified as “low access”. 
Low Income Block Groups 
As part of the criteria in identifying food desert block groups, the block group must also be 
classified as a low income area in addition to being a low access area. In this case, the study 
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followed the USDA/ERS criteria in defining a low income area. Following the USDA/ERS 
definition, the criteria includes: 1) 20% or more of the block group population was below 
poverty; 2) for block groups located within a metropolitan statistical area (MSA), the median 
family income for the block group does not exceed 80 percent of statewide median family 
income; 3) for block groups located within a non-metropolitan statistical area (NMSA), the 
median family income for the block group does not exceed 80 percent of the greater of 
statewide median family or the metropolitan area median family income. If any of these criteria 
applied to a block group, then the block group was classified as a low income area.     
Identification of Food Deserts 
After determining which block groups were considered low access and low income, a block 
group is then classified as a food desert if it is both a low income area and at least 33 percent of 
the population in the block group have low access to a food store that offer fresh produce. This 
criterion resulted in 198 block groups for 2004; 178 and180 block groups for 2005 and 2006; 
216, 199, and 237 block groups for 2007 to 2009; and 194 block groups in 2010. The food 
deserts maps for the 7 years are listed from Figure 3 to Figure 9. Some statistics about the food 
deserts across years are presented in the following Table 2, Table 3, and Table 4.  
Table 2. Food Deserts across Years for all Block Groups (N=2135) 
Year 2004 2005 2006 2007 2008 2009 2010 
Number of Food Desert 198 178 180 216 199 237 194 
Percent of Food Deserts 9.27% 8.34% 8.43% 10.12% 9.32% 11.10% 9.09% 
 
 
Table 3. Food Deserts by Districts across Years for All Block Groups (N=2135) 
  EastAR CentralAR NWAR SEAR SWAR WCAR WestAR WRAR 
Block Groups 351 424 307 228 227 224 184 190 
Fooddesert2010 36 36 28 22 26 11 13 22 
Fooddesert2010_pct 10.26% 8.49% 9.12% 9.65% 11.45% 4.91% 7.07% 11.58% 
Fooddesert2009 39 51 31 22 29 17 16 32 
Fooddesert2009_pct 11.11% 12.03% 10.10% 9.65% 12.78% 7.59% 8.70% 16.84% 
Fooddesert2008 39 42 27 22 23 7 11 28 
Fooddesert2008_pct 11.11% 9.91% 8.79% 9.65% 10.13% 3.13% 5.98% 14.74% 
Fooddesert2007 34 42 30 32 23 11 13 31 
Fooddesert2007_pct 9.69% 9.91% 9.77% 14.04% 10.13% 4.91% 7.07% 16.32% 
Fooddesert2006 30 46 32 17 16 11 7 21 
Fooddesert2006_pct 8.55% 10.85% 10.42% 7.46% 7.05% 4.91% 3.80% 11.05% 
Fooddesert2005 23 45 32 17 17 11 7 26 
2
2
 
 
 
Fooddesert2005_pct 6.55% 10.61% 10.42% 7.46% 7.49% 4.91% 3.80% 13.68% 
Fooddesert2004 23 58 35 17 17 11 9 28 
Fooddesert2004_pct 6.55% 13.68% 11.40% 7.46% 7.49% 4.91% 4.89% 14.74% 
 
Table 4. Food Deserts across Years for Defined Urban and Rural Block Groups (N=1991) 
Year 2004 2005 2006 2007 2008 2009 2010 
Food Deserts in Urban Block Groups 53 41 40 38 40 48 33 
Percent of Food Deserts in Urban Block Groups 13.59% 10.51% 10.26% 9.74% 10.26% 12.31% 8.46% 
Food Deserts in Rural Block Groups 118 113 116 155 136 164 139 
Percent of Food Deserts in Rural Block Groups 7.37% 7.06% 7.25% 9.68% 8.49% 10.24% 8.68% 
 
  
 
2
3
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In Table 2, the percentage of food deserts in 2009 is the highest. It may be explained by the 
economic recession in that year. The number of food store is also the lowest in 2009 compared 
to other years. Food deserts in the 8 districts were also shown in Table 3, it can be observed that 
White River district has the highest percentage of food deserts across all years. Therefore, the 
White River region was set to be the base variable in the following model analysis. In addition, 
the number of food deserts was also calculated separately for urban and rural block groups. It 
can be noted that the highest percentage of food deserts for rural block groups is also in 2009, 
but it is not for urban block groups. The highest one for urban block groups is in 2004.  
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Figure 3. Food Deserts in 2004 
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Figure 4. Food Deserts in 2005 
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Figure 5 Food Desert in 2006 
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Figure 6. Food Deserts in 2007 
 
 
29 
 
 
 
 
 
Figure 7. Food Deserts in 2008 
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Figure 8. Food Deserts in 2009 
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Figure. 9 Food Deserts in 2010
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MODEL SPECIFICATION 
In this study, both the random effects linear regression and the logistic panel models were 
used to measure the association between food deserts areas and the demographic and 
socioeconomic characteristics at block group level for all block groups, urban block groups, and 
rural block groups. The panel regression model was used to examine the relationship between 
distance (a continuous variable) and socio- demographic characteristics affecting the distance 
measure. On the other hand, the panel logistic model measured the effects of various 
demographic and socio-economic factors on the likelihood of a block group being a food desert. 
Probit model was also tried to see if it generated similar results to Logistic model. However, all 
the marginal effects generated by Probit are insignificant. So the probit model was not included 
in the final analysis. The general panel structure can be represented as: 
(1)  Yit= αi + βXit + uit, 
Where the subscripts i and t denotes the block group cross section dimension and time period. 
Yit represents the dependent variable, while Xit is a vector of independent variables associated 
with the response variable Yit. The variable αi is the unobserved time-invariant effects and uitis 
the scalar disturbance term.  
The elimination of the unobserved time-invariant variable αi is addressed by employing a 
fixed effects model. The estimates generated by the fixed effects model use only 
within-individual differences, which essentially discards any information about differences 
between individuals. If the predictor variables vary greatly across individuals but have little 
variation over time for each individual, then the fixed effects estimates will be imprecise and 
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have large standard errors. In this study, most of the predictor variables are time-invariant 
because the 2000 Census data values are fixed across the time period. Given our objective of 
determining the factors that are significantly associated with food desert areas and the 
time-invariance of a good number of these factors, the analysis is centered on estimates 
generated by the random effects model.   
The rationale behind the random effects model is that, unlike the fixed effects model, the 
variation across entities is assumed to be random and uncorrelated with the predictor or 
independent variables. An advantage of using the random effects model is that one can estimate 
the coefficients of time-invariant variables. In the fixed effects model, the time invariant 
variables are absorbed by the intercept. The random effects model assumes that the error term is 
not correlated with the predictors which consequently allows for the identification of 
time-invariant variables. The baseline empirical models can be specified as: 
(2) Dit=αi + β1Xit + γZit+uit,, 
where the variable Dit represents the population weighted mean distance at the i
th
 block group in 
t periods (t=2004 to 2010). It is calculated at each block group using the total population of 
each block within that block group level. Although food deserts are not determined directly 
based on this distance, it can give us a specific number of mean distance to the nearest food 
store at each block group level. Xit is a vector of demographic and socioeconomic factors 
predicting distance while Zit is a vector of dummy variables representing the geographic district 
classifications in Arkansas. A sandwich estimator of the error covariance would was employed 
to test the heteroscedasticity using STATA software.  
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A panel logistic model was also used in estimating the effects of socio-demographic factors 
on the likelihood of a block group becoming a food desert. Consider the logistic model as: 
(3) 𝐿𝑛 
𝑃𝑖𝑡(𝐹𝐷𝑖𝑡=1)
1−𝑃𝑖𝑡(𝐹𝐷𝑖𝑡=1)
 =αi + βXit,  
where FDit is the response variable for individual i at time t, and takes on the values of either 0 
or 1. Let Pit be the probability that FDit=1. By modifying equation 3, the empirical baseline 
logistic model can be represented as: 
(4) 𝐿𝑛 
𝑃𝑖𝑡(𝐹𝐷𝑖𝑡=1)
1−𝑃𝑖𝑡(𝐹𝐷𝑖𝑡=1)
 =αi + β1Xit+ γZit, 
where FDit is a binary indicator variable denoting whether a block group is a food desert or not. 
Xit is a vector of socio-demographic variables that are associated with the likelihood of a block 
being a food desert and Zit is a vector of regional district indicator variables used in the analysis. 
Since most of the predictor variables are time-invariant, the random effects logistic model was 
used in the analysis.  
The above analysis included all the 2135 block groups. Separate analysis was also 
conducted for 390 urban block groups and 1601 rural block groups. To do this, we can examine 
the difference between urban and rural areas.  
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RESULTS 
For the state of Arkansas, we identified rural and urban census blocks. There are total 
65536 blocks, 62641 blocks are rural areas and 2895 blocks are urban according to the urban 
places Census definition. Three kinds of model analysis results were presented in the following. 
In the separate analysis of urban and rural block groups, the percentage of urban blocks variable 
was excluded, since it was used to control the urban and rural for all block group analysis. It 
was not needed to be included in the separate analysis. Regional indicators of West Arkansas 
and West Central Arkansas were deleted due to collinearity.  
Random Effects Linear Regression 
In examining the effects of the socio-demographic factors on the distance to the nearest 
food store, the comparison of results was presented in Table 5. It can be seen that the rural 
block groups generated similar results to the all block groups analysis. Most of the coefficients 
for continuous variables in the rural block groups are greater than the ones in the all block 
groups.  
This study finds that most of the predictor variables were statistically significant except in 
the urban block group’s model. It may come from its relatively small sample size. For example, 
if the total population in a block group increases by 1000, the population-weighted distance to 
the nearest store will decrease approximately by 0.465 miles. This finding is likely to be valid 
since food stores open in the areas with high concentration of residents. The proportion of white 
people increase by one unit, the distance will increase by 5.575. The proportion of Hispanic 
people increase by one unit, distance will decrease by 7.635. For the age groups, if more people 
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with age between 19 and 39 live in a block group, their distance to the nearest food store 
decreases. And more people with age between 40 and 64 in a block group, the distance will 
increase. When the age group becomes older, the distance decreases again. It may be explained 
that elder people tend to choose live in a community which provides convenient life, including 
close distance to food store. In addition, a one point increase in the proportion of population not 
in labor force increases the distance by 4.86 miles. In this case, areas with high unemployment 
rates may on the average translate to lower income and purchasing power. Thus, food stores are 
unlikely to open in these areas. Also, as per capita income increases by $1000, the distance 
decreases by approximately 0.08 miles. The reason is that people with more income will 
purchase more. The proportion of higher people with less than high school education in a block 
group will also have the distance increased. It makes sense since higher education is positively 
related to higher income. Holding other things constant, a one point increase in the proportion 
of urban blocks decreases the distance by approximately 1.395 miles. In this case it might be 
that more food stores are clustered in urban areas relative to rural areas.  
The coefficients for the regional variables are all significant except Southwest district in the 
all block groups analysis. There are less significant variables in the rural block group’s one. The 
base district is White River as mentioned before. White River district has the greatest 
percentage of food deserts in each year. For the significant regional indicators, the coefficients 
are all negative, which indicates the distance to the nearest food store is lower for the block 
groups located in east, southeast, central, northwest, west central and west districts relative to 
the block groups in the white river district.  
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Random Effects Logistic Regression 
In the panel logistic model, similar results (Table 6) were found relative to the findings in 
the linear panel regression model. Unsurprisingly, rural block groups also have similar results to 
all block groups, but urban one only has one significant variable. The marginal effects estimate 
for the total population variable is also negative, which means that if the total population of one 
block group increases by 1000, the probability of being a food desert for a block group 
decreases by 0.008 (for all block groups model). On the other hand, if the proportion of 
population not in the labor force increases by one unit, the probability of a block group 
becoming a food desert also increases by 0.068. Also the probability of a block group on being 
a food desert decreases as per capita income and proportion of people with less than high school 
education increases. These findings are consistent with results generated from the linear panel 
regression model. One difference is the proportion of urban blocks within one block group, in 
the regression on distance model, the coefficient is negative, but here the marginal effect is 
positive, which means the proportion of urban blocks increase by one unit, the probability of 
being a food desert increases by 0.021. As for the regional district variables, less variables are 
significant, but for the significant ones, the marginal effects are also negative, which is 
consistent with the coefficients in the regression model. The marginal effects indicate that block 
groups located at east, southeast, west central and west regions are less likely to become food 
deserts compared to block groups located in the white river district.  
Year by Year Logistic Regression 
The study also estimated individual year logistic models and calculated the mean value and 
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standard deviation of the coefficients for each variable. This was compared with the panel 
logistic model. The individual marginal effects of the logistic model and mean coefficient 
values are presented in Table 7. We can see that four variables are significant across 7 years; 
they are the proportion of people not in labor force, people with less than high school education, 
proportion of urban blocks and per capita income. When the average marginal effects of these 
variables compared with the ones in random effects model, they have consistent positive or 
negative sign, but the values in the random effects are smaller than in the year by year analysis. 
There are obvious relationship between year by year logistic regression and the panel logistic 
regression. 
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Table 5. Random Effects Linear Regression for All, Urban, and Rural Block Groups 
Variables All Block Groups Urban Block Groups Rural Block Groups 
  N=2133, T=7 N=360, T=7 N=1600, T=7 
poptotal_scale -0.465*** 0.045 -0.610*** 
 
(0.130) (0.028) (0.184) 
white_prp 5.575*** -0.193 7.752*** 
 
(0.441) (0.121) (0.600) 
hispanic_prp -7.635*** -0.618** -8.462*** 
 
(1.500) (0.271) (2.076) 
age19to39_prp -5.138*** -0.554* -9.411*** 
 
(1.636) (0.325) (2.507) 
age40to64_prp 6.678*** -0.766 5.768** 
 
(1.864) (0.577) (2.617) 
age65gt_prp -11.260*** -0.932* -16.253*** 
 
(1.778) (0.510) (2.552) 
notinlabor_prp 4.864*** 0.152 7.774*** 
 
(1.144) (0.250) (1.587) 
drivecartowork_prp -0.303 0.395 0.356 
 
(1.318) (0.245) (1.768) 
lthighschool_prp 7.448*** -0.290* 9.482*** 
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  (0.971) (0.166) (1.336) 
pcinc_scale -0.083*** 0.001 -0.129*** 
 
(0.019) (0.003) (0.032) 
urbanblk_prp -1.395*** 
    (0.254)   
Regional Indicator 
   eastar -2.123*** -0.171** -1.949*** 
 
(0.327) (0.068) (0.372) 
centralar -1.360*** -0.029 -1.369*** 
 
(0.343) (0.057) (0.425) 
nwar -0.830** 0.045 -0.376 
 
(0.338) (0.065) (0.399) 
sear -0.925** -0.288*** -0.462 
 
(0.365) (0.068) (0.436) 
swar, 0.048* -0.126** 0.935 
 
(0.357) (0.069) (0.421) 
wcar -1.571*** 
 
-1.267*** 
 
(0.347) 
 
(0.385) 
westar -2.507*** 
 
-2.601*** 
  (0.376)  (0.474) 
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Table 6. Marginal Effects of Random Effects Logistic Regression 
Variables All Block Groups Urban Block Groups Rural Block Groups 
  N=2135, T=7 N=360, T=7 N=1601, T=7 
poptotal_scale -0.008** 0.000 -0.009** 
 
(0.003) (0.010) (0.004) 
white_prp 0.016** -0.078* 0.042** 
 
(0.007) (0.044) (0.016) 
hispanic_prp -0.012 -0.153 0.024 
 
(0.021) (0.117) (0.016) 
age19to39_prp -0.048* 0.080 -0.150** 
 
(0.028) (0.089) (0.065) 
age40to64_prp 0.021 0.027 -0.049 
 
(0.025) (0.097) (0.035) 
age65gt_prp -0.026 -0.073 -0.098** 
 
(0.036) (0.115) (0.046) 
notinlabor_prp 0.068** 0.087 0.080** 
 
(0.028) (0.071) (0.037) 
drivecartowork_prp 0.001 0.049 0.037 
 
(0.014) (0.065) (0.025) 
lthighschool_prp 0.071*** 0.006 0.075** 
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(0.023) (0.045) (0.032) 
pcinc_scale -0.002*** -0.004 -0.002** 
 
(0.001) (0.002) (0.001) 
urbanblk_prp 0.021*** 
  
 
(0.007) 
  Regional Indicator 
   eastar -0.011*** -0.027* -0.009** 
 
(0.004) (0.015) (0.004) 
centralar 0.001 0.001 -0.003 
 
(0.005) (0.018) (0.003) 
nwar 0.001 -0.007 0.003 
 
(0.005) (0.015) (0.005) 
sear -0.008** -0.032 -0.001 
 
(0.004) (0.021) (0.004) 
swar -0.004 -0.012 0.005 
 
(0.005) (0.013) (0.007) 
wcar -0.008*** 
 
-0.004 
 
(0.003) 
 
(0.002) 
westar -0.012*** 
 
-0.006** 
  (0.004)  (0.002) 
Note: *, **, *** denote the marginal effect is significant at 10%, 5% and 1% level. 
 
 
Table 7. Logistic Regression Year by Year for All Block Groups (N=2135) 
variable 2004 2005 2006 2007 2008 2009 2010 Average Std. Dev 
poptotal_scale -0.026** -0.027** -0.030** -0.027** -0.024* -0.019 -0.017 -0.024 0.004 
white_prp 0.004 0.019 0.042 0.081*** 0.064** 0.114*** 0.078*** 0.058 0.038 
hispanic_prp -0.229*** -0.191** -0.196** -0.212** -0.142* 0.074 0.052 -0.121 0.128 
age19to39_prp 0.000 -0.062 -0.065 -0.218 -0.165* -0.330*** -0.217** -0.151 0.115 
age40to64_prp 0.224* 0.172 0.170 0.084 0.112 -0.024 0.118 0.122 0.080 
age65gt_prp 0.024 -0.086 -0.086 -0.164 -0.191 -0.334** -0.216* -0.150 0.114 
notinlabor_prp 0.123* 0.145*** 0.144** 0.241*** 0.225*** 0.330*** 0.231*** 0.206 0.073 
drivecartowork_prp -0.043 0.025 0.030 0.015 0.002 0.071 0.061 0.023 0.038 
lthighschool_prp 0.167*** 0.107** 0.139** 0.152** 0.118* 0.201*** 0.160*** 0.149 0.032 
pcinc_scale -0.006*** -0.007*** -0.007*** -0.009*** -0.007*** -0.009*** -0.008*** -0.008 0.001 
urbanblk_prp 0.063*** 0.050*** 0.052*** 0.048*** 0.057*** 0.071*** 0.045*** 0.055 0.009 
 
         
4
3
 
 
 
Regional Indicator 
eastar -0.052*** -0.043*** -0.024* -0.038*** -0.025* -0.041*** -0.016 -0.034 0.013 
centralar -0.006 -0.010 0.015 0.003 -0.004 0.014 0.017 0.004 0.011 
nwar 0.010 0.012 0.029 0.000 -0.007 -0.018 0.009 0.005 0.015 
sear -0.047*** -0.038*** -0.026** -0.004 -0.027* -0.035** -0.006 -0.026 0.016 
swar -0.037*** -0.029** -0.019 -0.017 -0.015 -0.009 0.013 -0.016 0.016 
wcar -0.035*** -0.027** -0.018*** -0.040*** -0.050*** -0.032** -0.024 -0.032 0.011 
westar -0.047*** -0.044*** -0.039 -0.038*** -0.043*** -0.053*** -0.030** -0.042 0.007 
 
Note: *, **, *** denote the marginal effect is significant at 10%, 5% and 1% level. 
4
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DISCUSSION AND CONCLUSION 
In summary, this study separately identified food deserts for both rural and urban areas in 
Arkansas. The criteria for identifying low access blocks made use of the 1 mile and 10 mile 
thresholds for both urban and rural blocks. In this research, the data regarding food stores cover 
7 years from 2004 to 2010 and the study’s food desert definition follows USDA-ERS approach 
by considering both distance to food store and income level. Then the association between food 
deserts and the respective socio-demographic factors driving the food desert likelihood was 
examined. 
The regression and logistic random effects models both yielded similar results. For 
example block groups with higher unemployment, lower income and lower educational 
attainment tend to have increasing effects on the distance to the nearest food store. Also these 
block groups tend to have a higher probability of being food deserts. Thus, food deserts are 
more likely to exist in areas where there is high prevalence of social and economic deprivation. 
However, in separate analysis for urban and rural block groups, the urban analysis did not have 
many significant variables. Results of rural analysis and the overall model are very similar. 
Compared to past research, similar finding was found with Sharkey and Horel (2008) in 
minority composition. In their study, they found that minority neighborhood has increasing 
distance to food store. This research also found that the proportion of Hispanic people in a 
block group increases; the distance to the nearest food store also decreases. Different finding in 
the social deprivation part, they found that neighborhood with deprived socioeconomic status 
have better access to supermarkets. But this study found that block groups with less income, 
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less education, higher people not in labor force tend to have longer distance to the nearest food 
store. This finding is similar to Algert, Agrawal, and Lewis (2006) study. In Morland and 
Filomena (2007) paper, they found that White people area has more supermarkets. But in our 
study, the proportion of while people increases will also increases the distance to food store.  
The bordering block groups were also considered in this research, it was thought that 
people in the bordering areas, especially those close to bordering big cities might go across the 
state border to do grocery. However, according to Jiao (2002) study, she found out that there are 
only two relatively big city bordering Arkansas, one is Memphis in Tennessee and the other is 
Texarkana in Texas. After plotting a radius of 10 mile of the store in these two cities, bordering 
block groups in Arkansas was out of the radius. Plus there is Mississippi River along the east 
border. It is very little chance that people in the bordering areas would travel to other States to 
do grocery.  
The contribution of this paper examined the food deserts separately for rural, urban and all 
block groups within a whole state of Arkansas. Past research usually studied a specific area or 
city. If a whole state was studied, they did not separate urban and rural areas. In addition, it also 
evaluated the association of the food deserts with the corresponding block group demographic 
and socio-economic factors. Some previous studies examined the association of food store 
environment with their neighborhood factors but did not identified food deserts. Others 
identified food deserts using different methods but did not consider their community 
environment.  
A shortcoming of the study pertains to the time invariant nature of the independent 
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variables because the variable values are based on the 2000 Census data. If for example, time 
variant variables such as income and population can be collected, the panel regression and 
logistic models may produce more interesting results. Thus, future studies should devote more 
time in collecting time varying socio-demographic factors. Other researchers may try to 
combine the 2010 Census data, but another issue rising here is that 2010 Census has different 
definition and criteria to classify geographical units, such as block, block group. The other 
source to get varying income information may come from the Current Population Survey (CPS). 
But the challenge to use CPS is their geographical level for the report. It provides reliable 
estimates at the state level and for 12 of the largest metropolitan statistical areas. No 
information in a more specific geographical area is provided. If researchers study the food 
deserts for some areas within the largest metropolitan statistical areas, they may use the income 
information from CPS. Also the study is only focused on the state of Arkansas and as such 
future researches can incorporate the methodology used in this paper and extend it to other 
states as well.  
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